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(54) THIN FILM MAGNETIC HEAD AND MAGNETIC 
DISK DEVICE 

(57) Abstract: 

PROBLEM TO BE SOLVED: To reduce the thermal 
asperity (TA), which is generated by the contact between 
a disk and a head, to efficiently radiate the heat 
generated by an MR element and to Improve the 
reproduced output by selecting the non-magnetic 
insulating film having a high thermal diffusion rate as 
the constituting material of the head element and the 
disk protective film. 

SOLUTION: In a thin film magnetic head element 10, 
hydrogen-containing amorphorus carbon or vapor phase 
synthesized diamond are used for the material of 
non-insulating films 1 04 and 1 06 which are located 
adjacent to an MR element 105 so as to greatly reduce 
the TA generated by the contact with a disk 2. Also 
silicon carbide is used for a slider material 14. 
Moreover, insulating films 102 ; 104 and 106 among the 
slider, a bottom section shield film 103, the element 
105 and a top section shield film 107, a gap insulating 
film 108 of an inductive type head 12 and an insulating 
film 110, which protects the entire head, are replaced 
by high thermal diffusion films. Thus, the heat 
generated by Joule heating of the element 105 while the 



power is supplied is efficiently 
reproduced output is increased. 
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1 

<hMR*TF^cD*feM> ±fSMR^Ti±g[i->-;i'HJM 
^*^#^MK^4>0;?K3Szia*^ 1 0 ~ 5 0 a t m%T 
ti»*Jl3] ®^*i:0(CMR-\-7 mt]^Pi-\zmm 

m^^m.B^m'¥<D^mm&*u o~7 o a tm%-r$.-2) 
c t fit <h -r ^ ^mMM^ K . 

H Ji i: M R M R <h ±gI5 ->-;U 

•v^"j>i^ffi, <t^mmmzjzomi$.i.rz.^¥B^^m$> 

■t^mMm2izMim(ommm.^^y Kro^it;:^}*. 

->-;i^FK<tMR^^^^ro«fejtK- MR^^,i:±S|5->- 
h*jKfBI®«eiSlKi: LTMtB^fiX^-r > h* ^ffli^S 

^/\-y K^fflt/^^Ji^^-y K©g4jt:^ffiT*oT. TW> 
>'-;i'KJK<hMR3S^raro«fe^M. MR^^i:±S|5v'- 

iZ. ±tB$feiitM^X/N--y^U >^'te(CcfcOJg^-rsttsl^ 
m 1 {cfEi!cro»MJi^'^>y HoKjfi;^^. 

)\^}^mtMRm=?-r^<^mBm. RUuRm^t±^^'>- 



(2) 1 0-2 2 2 8 1 6 

2 

[i»5)tJS8] Bt^-tOlCMR'v-y K^, 

ffl'x-y F^fflli-SiK^^-y FtctJliT, ^y F^SiJ^-f 

SBx- ;i' FMcDra©«ejt)M, tspv-;!' fi^^mr^^ 

mm^y ]^<n^^yfmmm. ^y F^^^^^-r 

10 F. -^^^^ftM^^. ^NSKA 1 N. #S«B eO© 

Fo 

[0 0 0 n 

t(Dmm:>smti,zmr^. 

[0 0 0 2] 

20 K^^-y \'(7)mmm.m.mi^m'f- 1 o coMr^cHTj^-ii i rts 

lil2T*0. llU±113®a-a' S|5c08)f®ll> Sfc. 

^-y F^^«i£^l;OtrMR^-y F*. 

m^&^\zmm-m^y i^^mr^-^mum-^'sy f*^ 

A^-f^'T^O. T;^5:^5^y >*-/\'-f F, 

T^i^^ffll^i^nSo 1 0 2ttTi:t<73S;6ilt)!iT*^o 11 
(iMR'\-y FTS)0. Tg|5->-;i'FMl 0 3, MRJg^^ 

10 5. ±gB->-;i/FI^ (^#S'\>y Ffc*5ttSTSI5JK 

30 ttM) 10 7. MRmTizmm^m-i-mmi o i. ruc 

^)irBl»'S)-5«6i!tM 1 0 4. 1 0 6T'1ifig$n-g). 12 

immm^y I'T&o. rsm'&m (MR^-y Ftiistt 

S±SI5>'-;i'FK) 10 7. n-fjUMiii. 4^-v-y:/ 
ifei^iii 0 8. ^mmmTmf$.-^nrzmmm 1 1 2T<i 

1 1 oic<fcot5*t)nTt^-i>. TtffiseaKi 0 2. mr 

's-y FO#e^«6^)»l 0 4. 1 0 e^^W^'s-y F© 

'y ^-iteiitM 10 8. umi^mm i i o \zitmnmit 

40 gl!;f^B#«. 'N-y FX^'fy 1 t-xfXi; 2 ro{£HM^ 
^^R1S15. nn;i/F^^JK^?i^b;ii:^jlttMl 6. 

*ffiM^3^iie^*^?.-fts5^'r;^^aso{!giiiiigi 7. 

LT/t-7;L-:tDx-5^;i.?^i3it)!S 1 8{::J:oTlt)j£$ 
n-S>„ jfi^Ttt, 'v-y F 7,7-1' ^'^cOM^t'-i' Xi'Sffi*^ 
b«i?±Bi&13(i0. 1 /iinj!^;lTt::;^i;0. 'x-y F7.7-f 

0«Sl§{3j:i>'v-y Fi75.>->3.i&K#. Sfe. iSftL^ 
50 fl'^MR^^. i^-;PFJIM^W«StfeM<£ffiS|-r*BM 



3 

[0 0 0 3] 

mm^ e. coa»T^ i; s m r wm^ffifet^^t 

•r^CltTtt^-flXO^ff Pile's >y HT*0. SsE®^ 

**^'W^TfeSt#K.'in-5. ^Jx«MR 

->3 >\z^y)URm'f-ows.ifthm--^^tz^. mzm.^ 

TA>RHRI^«^ffre;!)^®7^teTMRm?JC«tt 
[0 0 0 4] 

T A\Z±lmtj.^m^!^'E>rL?> :i tf}^io-f)^r> 

itLO^*^> TtScSSffi Japanese Journal of Ap 

plied Physics. 30(1991) 1295) (CJ: Offl^tM^cW^T&^Bj 

D-feX±»iST*5)e:t*^t)*^ofc. ^KD^'^iZ, MR 

■r-5c:<hTTA*i;>ciliMii>-r.5a*tt. Sttl::J;oT- 



(3) 0- 2 2 2 8 1 6 

4 

izi^WLLxi^^Ktztbtztm^ibn^. 
[0 0 0 5] -^T^mn^wmmoB^ysmizit. 7.f%y 

37 U >i7*?i-^{t^,^*ffi (Chemical Vapor Deposition: 

yyr^ v^^-fyvmzm^^, i^m^mit7\<^m^is 
10 i\L^mmm\z\t. ^m^^-^^^r^x-^^m^m'^m 

37 D h D >^^i«| (Electron Cyclotr 
on Resonance : ii(TE C R tE§T) ^m^^tz-fv X'^ C 

H;ux>^roK{l:7K*^M^^^'ffli'^e.ti^>„ 

fcJ/'?5p<-^'Tag)0> 1 0 ~ 5 0 a t m%©^HTS« 
20 n-S. *TfcifSL<tt. 2 0~4 0 a tm%Tfe^. 

fe, -^TK^I^^K^^ttv—^l-Km-^MRMiiW^S^^) 

i. gt^tasg^WM^X/t-vrS'iJ >3^ffi^TJl?fi!trSi5 

*^'}t«?4*CD,*.:^^e> 1 ~ 1 0 nm<D^|lTg«ns. 

[0 0 0 6] ^ffl^figiS'''f ■Vt>Froifi^^:^SlCti, 7X 
^■r;*:fi5&fRLfcj^ft7klg?fe:tfXSrMiN)-t LySiE C R - 
30 CVDffil|*t$,.5<. ^ffl-g-Sgy-ri'^ > FCD^^fc> -> 
-;UFK^MRIStCD^B(C^«^ttS i, le^t^^^ 
0ia^Xyl-;/^'U>3^ffi^TJ^fiX-r-S£^®j!i^*"P, ^® 

^mm<r>mm\t.. u^^<m^-i5ifi^^^ifii~i onm 
[0 0 0 7] ^^m^m^m.m. .#^ma i n. ^n^m 

BeOti. RFX/t>>:$'g >3^. R F T37'^ Kn >X/1 

•y37'j>i^, «Tt*-A^«^-c;iefiK$n-5.„ 

1 0~7 0 a t m%d^^.Stfn. tTfcJfS 
L<tt20~60a tm%T*-g). ;in(±^S*^^-r^* 

T«, 7;i-3*>;yxi?HM,TT, $>-g)ii(i^-n-e"ng 

K^^-ttf7;l/a'>:tfX|?llMTTX/1-y37 U > 

[0 0 0 8] ^fz. ifmmm\t. uRm'^tm^-r^ 

50 ?^BS14«fe^Mt LT±a!(Di*J£i{*(OSt,itf*4*J51.^fc 
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[0 0 0 9] — MR^TOjim»S<&lp]±^-t±-5fc 
TA(DJ;'5;^iWra6<)^i:iaS±#<J:j4oT««Ci<)- 

[0010) 

[00 11] *^B^«. Ml. 02 tr^Lfc'N-y F«jfi 
MRsg^ 1 0 5iPJgT'.5#ffi14«6ii*mi 0 4. 1 

0 6a:)mm.^m^<r)7)V5.i-. mit^mi)^<bmwLmm<D 

J;r?T^U^TA*::*:i|l(rffiM-r*fcOT*^.o HPSlc 
-r 2<Djgfl4B$('^i;-5)TA(7)?S^ttti£jfe(75 2^J^Wl 
<itfefi<)ffl^7iTO^MTTA^::^C*i(wM'>T$-5C:i 

[0 0 12] ^/c. xv-f ^'w 1 A^zm.it^m'^m^, 

^-l- ^'tTSRi^-;!/ HIKc^^lWSfeiitll 1 0 2 . T 
aRi^-;i'FMiMR^^F^®iteiftMl 0 4. MR^'^i: 
±S|5->-;H-*IKW<D*eiBk)« 1 0 6 . ^SSI's-y K®:^^ 

v:>'m.mm i o s . K±i^^«®-r'i>iife»)K 1 1 o 

[0 0 13] ^CDi¥iil*UiT<7)SIM««JTaft0J-r-2>o 

[0 0 14] <iiM^ji>iai. m2^m^^x^%m<D 



(4) i^Bg^ 1 0-2 2 2 8 1 6 
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[0 0 15] X^-f 5^1 4Cl^^^^|•«7;^5:^-^^>:^- 
/^*•1• HS:ffllife. x/i>y^ U >^irJ:0T;U5:i- 
74^'i;^£^>#mtt*6i^l^ 1 0 2^6 /iinJBfiSU. 

$rffll/i/c:yi:$'-n>ry('J: 0, Ni F e^A^e.7jtSTS|5 

±t-x/i-y^'j >^ytcj;oi^^K->u 3> (ms^ii-r) 

VDttSrffll^iT 1 8 0 nmfl^fiKLfc, •^tK^I^ 

y-H;t)-;/:^U>^':^a;*ffiti. i 2 o w. 

^^'>:tfX8iEg8 s c cm, XH 1 0 P a i:Vi'5^f!|= 
TfitM^fT-^fc. C:0IRcO7K^jSffi«. HFS (Hyd 
rogen Forward Scattering) 

^Snm^MLfc, 5I#M#N i Fe^*^ 

e/i^MRs^^ 1 0 5 &xy\°->:$' U >^*lcd; DJgfigb. 

20 h u vi^^^-i- ^^^l5*ffl^iTmaro^gf^l'/^'i7-- 
>*jg^bfc^. MR^^^i 0 5^t■t>x«ssi&ilm■r 
s/c^^)Hffl^>e>n^>^i® 1 0 1 ©;'?:5'->S-j^^$L^c. 

tn±.{z7./-<i-j^')>if\z^r)t^^nmitmm (ia^i± 

«e»Ml 0 6 *2 0 0 nmfl^B^Lfc, C W^^JSttJfe^Si 

1 0 6 \t±.^a:>m&'&.m.m.m i o 4 t isi C^frTfl^eJ b 

fc^. N i Fe^*'>e)/j:*±gR->-;i.HMl 0 7SrX/t 

30 y^v>if\z^DmfSiVy7i- h U vi^'^^-rfi^SSfflu 

mii.l&m^ 1 0 8 ^xyl IJ >if\z^O 5 0 0 n mfl^ 

^*^e./j:«.n'f jn 1 1. mmf^mm:! iz^m-Amm 

fS, 'A\Zt< i Fe^CffiSttM (S^itf) *X/t-;/^' 
'J >^^Cj:D 2 0 0 nmJgfiKL. dtl*:? 3I- h U V ^ 

^ 7 ^' *ffl l.^TmacO^Btt (Z/N'^' -n >y L7t fl. 
■e-cD±tC ;< >y (C^.,a.3..M.inro±-gR»14M-l--0-9-i&J^.BX 

T 7 ;u 5 :j- M*xyt ^j £>ja^^M,gir^c<oiS 

[0 0 1 6].7i?5J;'3(CLT}BfiJb/t»miEM'\-;/ FS: 
fflV^T, TA^fgWif«*fTofc. ia5t±TA?$ffiff<ffi 

cOMBgllTfe^o i5ir«(;TAS:5l^$ii--5fcii6(w, ii^ 
f'^Xi7 2Ctt. :^^7i§^e*fl?fiXb;t„ 7''CXi7fiUA 

if^-iy'^l.-^^V\W.\Z±.\Z, i7DA10 0n'm. 



5 /im, S$ 2 0 nmCD^S2 O^^-f^^mmi 9^ 

m^n-:>rztz.^. TAmmtmeiz^r^^iz^^Mo:) 
[0 0 17] <iij!i«3j2>*ii)iig<3sjrtt. mmmix'T 

ciwB*. ±b5*6#)1i 0 4. 1 0 6©iKjp«. ^ti'en 

18 0nm, 2 0 0 nmX'&-otz. 
CO 0 1 8] :¥mmmO:f5mX'i'^mLtz^y Hix^-X 

i^^m^\ ji#j;o??±m$TtfTASr«tittcf!^$-a- 

^(DHZ&T-t^, 

[0 0 19] <mmm3>:^Mmmx\t, ^mm 1 xy 

-^^m^&mmmitmitmt(Dmmm-/}mn\zM^ 

tzib, mm.m ixt:^m$^^mmmomk(Di:mxmiisi 

[0 0 2 0] 9 — yyh^\zmmt^m<D^)lit^i3 0 

^'j>i^t'j;i9*eaMi 0 4. 1 0 G^mi^Lrz. t$.m 

^mt. Hra«m^)5 0 0W, 7;l'd'>*f7>8ita3 0 s 
ccm> P aT$.-3fc. C(75IliOS^?iffitt. 

RBS (Rutherford Backscatte 
ring Spectrometry) i)-#ft iO. 
3 8 a t m%T$)o;t. *fc:. iieiBfcMl 0 4. 1 0 6© 
SI)f ^n^ni 8 0 nm. 2 0 0 nmX&otz. 

[0 0 2 1] :$-mmmo:^mx{'^mi-rz^y FiT^^f x 

^(DHZi&T-r^. 

[0 0 2 2] <mmm4>:^mmmx\t. mmm i tt 

SPv-JPHMiMR^^^OiteiSIKl 0 4, MR«^i: 

±g|5->-;i/Fllftlo5iiifefitfli 1 0 6 LLxm^^tz^yKmn 

[0 0 2 3] 3^ — AlNSrfflViT, RFV 

y^-hn>X/t-y^U>i7-(3j;Dil£ijtMl 0 4, 10 6 
^fl^^LAc. fiKM^^^I^tt. KJli^tt;'? 1 0 0 OW, 7^1- 
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a'>:y;^aEM3 O s c c m + ^^:tf;^J^ttt5 seem, 
:tf:;^JEEl. 3 P aT*-:?;t. Sfc. «fe^lll04, 10 
6 0MI*ti, ^n^m 8 0 nm. 2 0 0 nmr*-Q 

[0 0 2 4] :^mmm(Dijmximvrz-\y Htxf X 
i^^flli.^ ji«J;0?¥±«^TtfTA&iSr«n%^$-tS- 
^Um^^-otztZ.^. TA?iS«fie*«'N-y KWii!t)3 

[0 0 2 5] <iijj5^j 5 >^mmmxit, mmm i xt 

10 S|5x-;i'HM<»:MR^^ra©«6^1Kl 0 4. MR^T-ch 

±gi5->-;i' \fmm<Dmmm i o e t brfflt^fc^*** 

[0 0 2 6] ^-y-v BeO^m^^X. Rp-^ 

hP>XyN°-y3"J >^'tcJ;Oiitfe»K 10 4. 10 6 
^JgfiXLfc. iSi^i^m;^ 8 0 ow. y;u=i' 

>:*f7.atS5 0 s c cm+K***7.JjifS5 s c. c m. 
X)E1. 3 P aT»-:?fc, Sfc. «6lgHKl 0 4. 106 
©MSti, -^ti^'ni 8 0 nm, 2 0 0 nmTfeofe. 

20 [0 0 2 7] :^mmmco:^mx{'^mi^tz^-j nt^^x 

SK®^*fT:3fctC5, TA^S«!iE3K®'\-y K©ii8*)3 

5i-© 1 ti^gT-r^o 

[0 0 2 8] <^mm 6 >**SS0iJTJi, 1 TT 

ffl5>'-;Uh'Mi:MR5g^^1©«eaMl 0 4. MR^^i 

igRv-;!. FMPslOiiifegiM 1 0 6 i UTfflv^fc^TK^If 

30 nit(D^mmm^\z\.^^^rzit). mmm i x^ymn^ 

H, T.i^'tti'etuzm^'^ibntz'^^mi^^m.mmo 

mi$.ijm'&mm\zm^^. 

[0 0 2 9] S-r, ^y HS^©«^, ^-'Ty h^^iz 
S^t^^©t;UJt*i3 0^*7 0T'«2.^ieflJSrfflti 
T. RFV^:7'^hD>X/'?-;/^"J>i^tCiOi^ltMl 0 

4. loe^jgfiXLfc. Bxm*{4^tt, ^m^m.t}5oo 

W, 7;i/zf>:yx*»3 0 s e cm, :tfX)£lPaT* 
40 ofec CiroMOIKf 345^j8S«, RBS (Rut her 
ford Backscattering Spect 
r ome t r y) j^^lz^O, 3 8 a t m%X$,-o 

tz. Sfc. ±ie,*feiitM 1 0 4 , io6c7)M®tt. -f-n^' 

mSOnm, 2 0 0 nmTfeofc. 

[0 0 3 0] 5^^'7,i7ffia)!ifl^fi)c®l^iC(i, ^- 

^'y huizmmtmmo^)iitAi4 one ox&^mB 

m^&mm 1 0 4. 1 0 6 *fl^fi)cLfc. itiJl 

K«;^ 5 0 0W, 7;i'rf>:yxSfea3 0 s c c m, 
50 ffilPaT^ofc. croMcoa^igmtS. RBS (R u 
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therford Backscattering S 
pec t rome t ry) $<]4 9 a tm% 

h U y ^'v^^a^lS^rfflt^T. iEgS/iin. HS^? 2 0 n 

[0 0 3 1 ] :^mmm<D-:fjmx'imLtz^y k^i-x-tx 

[0 0 3 2] <||j!jS0IJ7>ll 1. l|2$ffll/iT*5«B^Ci 10 
[0 0 3 3] X^-f ^1 4«W^4i:bTw{ta*i&ffll'i 

b. MR'X-y H 1 1 tmmm^y H 1 2i!)^'ifj.i>^y H 
1 0^riHiSL/Co *IIM««JT«, X^-f^tTSPv 
h*McD^1(^*feiStM 10 2. TSlii/-;!^ HflitMR^ 

=f-m<Dms:mi 04. MR^?,t±8Pv-ji/FMia®i^ 

Jtmi 0 6> lias's Fro =^^1'-y7'*feiitM 1 0 8, 

y y'±i^'&:i^mr^mmmi 1 otr^TK^iN^aM;^^* 20 

[0 0 3 4] if^yy^ h'&^-yy htLTcRFXy^ 

mtlSOO'W. 7Jl-=f>:tfX8tEM4 6 s c cm+p(5'> 
:^xata4sccm. :yxEE7 P a tl^i^^fefl^TfiKMS: 
tTofc. CWl^royX^SS^. HFS (Hydroge 
n Forward Scattering) 
0. i^3 5 a tm%T*ofc. 

[0 0 3 5] ^7j<**SK^5^tt. tnS^mm^-f)m 30 
(r^OT. StIf^C0IgT^«)l<i:bT^^SKg^{ta^&4 

-;t' Kffi®K®iffigtM 1 0 2 7**8 Mm, TS|5->-;i/ Hj^ 
tMRI^7-P«1<^iiigi!t)ll 0 4 An 8 0 nm, MR^^i 
±a5->-JL'HMra<^«ei^)!il 0 6*^2 0 0 nm. ijISP. 
'N-y H<0^^-y:/itei^lKl 0 8*^5 0 0 nm, 'n-;/ Fife 
«:*«®-r4«feiStMl 1 0*t4 5 MmTi&ofc. 
[0 0 3 6] c:cDcfc^(rLTfl?fiXLfcSfM®^'\-7 K$ 

5{s\z&im-^tirz, tut:'-^. uRm^(ommi}m^m 
\z'irt)n^rzib\z. M\^mm.^&-C't,&m±mz^^n 
±mti<D&Ti)m^ ^<bn^::Li}mibf)^\zf£-Dtz, r 
com. '^^(D^-j li^i^mmmo^y vti. ^n-^-'n^- 
'iT7.tmff^m.mit^'i7o::t\z^-oT. -eti^'ncom 

SJg^sj 1 *Sl)!iS<JiJ©:^ffiTf^fi£Lfc^-v Ft* 
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[0 0 3 7] <^s£«8>0 1 . m2^m^^T-4^mMn 

[0 0 3 8] x^-f^^i 4<D'm^tLr^it^»^m^^ 
tz. mmm imm. x/i-y^'j>i^. >^y^. y^h^j 

MR^y F 1 1 t^mm^y F 1 2 i}^ibtj.i>^y F 
-;bFIIMcDPBlco«feiibmi 0 2. TgR->-;i/FMiMRig 

=?-mcomBmi 0 4. MRm=^t±Ui^-)U¥mm(Dm 

i^W 1 0 6 . ^J^Si'Vy ri^i^m 1 0 8 , 's 

y I'^w^^mr^mmmi i oic^ti^Bjt^^<-v^:> 
[0 0 3 9] Mffl^fi)t^^-\'^:>Fi4. -ene#HE^it 

* 5 nmfl^^SL-fco Sfc:. =&HCDJ3i)»ti. ^y^^tT 
gR->-;i/FM<^^^ro«feiSbMl 0 2*^2^111. TSPi^-^P 
FMiMR^^ISOiffeigW^l 0 4*M 8 0 nm. MR^ 
Y-i:±^zy-)Wmm<Dmmm l O 6/5^-2 O O nm, K 
y F <7)^ V -y 1 0 8 75^ 5 0 0 n m. y 

F±#:*{S^-r?)«6ii:]^ 1 1 0 2 0 m mT^o /c. 
[0 0 4 0] C:0J;-5lcLT}efi£Lfc:?iMlK^^-y FS: 
fflt^iT. -^-y FS:*m;f?c7)fFffi^fT:3fc. -^-COIS;!:. H 

fz. ^mm 1 i:[Hi«. :i?^mm.m<Dy3&X'i¥^Ltz^y f 

^TtfTA^iS(t.lS«'^*^-a-'5M®^^fTo/ciC5, T 

A^*«i«*ro's-y FO*«)4 5JOU;:ffi:T-r-5. 
[0 0 4 1] <^iS«SJ9>0i. S2S'ffltiT*^W© 

[0 0 4 2] SISiLTK^ta^^ffiVi^i. USS^JIIpI 
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(54) THIN FILM MAGNETIC HEAD AND MAGNETIC DISK DEVICE 

(57)Abstract: 

PROBLEM TO BE SOLVED: To reduce the thermal asperity (TA), which is 
generated by the contact between a disk and a head, to efficiently radiate 
the heat generated by an MR element and to improve the reproduced 
output by selecting the non-magnetic insulating film having a high thermal 
diffusion rate as the constituting material of the head element and the 
disk protective film. 

SOLUTION: In a thin film magnetic head element 10, hydrogen-containing 
amorphorus carbon or vapor phase synthesized diamond are used for the 
material of non-insulating films 104 and 106 which are located adjacent to 
an MR element 105 so as to greatly reduce the TA generated by the 
contact with a disk 2. Also silicon carbide is used for a slider material 14. 
Moreover, insulating films 102 ; 104 and 106 among the slider, a bottom 
section shield film 103, the element 105 and a top section shield film 107. 
a gap insulating film 108 of an inductive type head 12 and an insulating 
film 1 10, which protects the entire head, are replaced by high thermal 
diffusion films. Thus, the heat generated by Joule heating of the element 
105 while the power is supplied is efficiently diffused and the reproduced 
output is increased. 
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CLAIMS 



[Claim(s)] 

[Claim 1] The thin film magnetic head characterized by using at least one material among a hydrogen-containing 
amorphous carbon, a gaseous-phase synthetic diamond, a silicon-containing amorphous carbon, amorphous AIN, and 
an amorphous substance BeO in the magnetic head which uses a magnetoresistance-effect type head for a readout, and 
uses an induction-type head for writing as a lower shield film, the insulator layer between MR elements, and an 
insulator layer between the above-mentioned MR element and an up shield film. 

[Claim 2] The thin film magnetic head characterized by the hydrogen concentration in the above-mentioned hydrogen- 
containing amorphous carbon being 10 - 50atm% in the magnetic head which uses an MR head for a readout and uses 
an induction-type head for writing in case a hydrogen-containing amorphous carbon is used as a lower shield film, the 
insulator layer between MR elements, and an insulator layer between the above-mentioned MR element and an up 
shield film. 

[Claim 3] The thin film magnetic head characterized by the silicon concentration in the above-mentioned silicon- 
containing amorphous carbon being 10 - 70atm% in the magnetic head which uses an MR head for a readout and uses 
an induction-type head for writing in case a silicon-containing amorphous carbon is used as a lower shield film, the 
insulator layer between MR elements, and an insulator layer between MR element and an up shield film. 
[Claim 4] The manufacture method of the thin film magnetic head according to claim 2 which forms the above- 
mentioned hydrogen-containing amorphous carbon by the chemical vapor deposition, the sputtering method, etc. 
through the glue line of the amorphous silicon formed by the sputtering method and the chemical vapor deposition, or 
an amorphous silicon carbide by the manufacture method of the magnetic head of using an MR head for a readout and 
using an induction-t>pe head for writing in case a hydrogen-containing amorphous carbon is used as a lower shield 
film, the insulator layer between MR elements, and an insulator layer between MR element and an up shield film. 
[Claim 5] The manufacture method of the thin film magnetic head according to claim 1 which is the manufacture 
method of the magnetic head of using an MR head for a readout and using an induction-type head for writing, and 
forms the above-mentioned gaseous-phase synthetic diamond by the chemical vapor deposition through the glue line of 
the amorphous silicon formed by the sputtering method and the chemical vapor deposition, or an amorphous silicon 
carbide in case a gaseous-phase synthetic diamond is used as a lower shield film, the insulator layer between MR 
elements, and an insulator layer between MR element and an up shield film. 

[Claim 6] the manufacture method of the magnetic head of using an MR head for a readout and using an induction-type 
head for writing - it is - as a lower shield film, the insulator layer between MR elements, and the insulator layer 
between MR element and an up shield film ~ a silicon-containing amorphous carbon — amorphous [ AIN / amorphous- 
/ and ] - the manufacture method of the thin film magnetic head according to claim 1 which forms the above- 
mentioned insulator layer by the sputtering method in case any one insulator layer of the BeO is used 
[Claim 7] In the magnetic disk unit which uses an MR head for a readout and uses an induction-type head for writing 
To a lower shield film, the insulator layer between MR elements, and the insulator layer between MR element and an 
up shield film, a hydrogen-containing amorphous carbon. At least one material is used among a gaseous-phase 
synthetic diamond, a silicon-containing amorphous carbon, amorphous AIN, and an amorphous substance BeO. And 
the magnetic disk unit characterized by using at least one material as a protective coat on the front face of a disk among 
a gaseous-phase synthetic diamond, a silicon-containing amorphous carbon, amorphous AIN, and an amorphous 
substance BeO. 

[Claim 8] In the magnetic head which uses an MR head for a readout and uses an induction-type head for writing A 
silicon carbide is used for the material of the slider which supports a head. And the insulator layer between a sHder and 
a lower shield film. As an insulator layer which protects a lower shield film, the insulator layer between MR elements, 
the insulator layer between MR element and an up shield film, the gap insulator layer of an induction-type head, and 
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the whole head The magnetic head characterized by using at least one of a hydrogen-containing amorphous carbon, a 
gaseous-phase synthetic diamond, a siHcon-containing amorphous carbon, amorphous AIN, and amorphous substances 
BeO. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] this invention relates to the thin film magnetic head and its 

manufacture method. 

[0002] 

[Description of the Prior Art] Draw ing 3 is an external view of a general magnetic-head slider which has a rail in an 
opposed face with a disk. The enlarged views of the thin film MAG sensing element 10 of the thin film magnetic head 
are drawin g 1 and drawing 2 , and drawin g 1 is the cross section of the a-a* section of drawin g 3 , and drawing which 
looked at the portion with the same drawing 2 from the disk opposed face side. The general combined head to which a 
head element has an MR head in reading, and has an induction-type head in writing is shown by these drawings. 
Drawing, 14 is a slider which supports a thin film MAG sensing element, and an alumina titanium carbide, a zirconia, 
etc. are used. 102 is the insulator layer of a ground. 1 1 is an MR head and consists of the lower shield film 103, the MR 
element 105, an up shield film (lower magnetic film in an induction-type head) 107, an electrode 101 that passes 
current for MR element, and insulator layers 104 and 106 between each class. 12 is an induction-type head and consists 
of the lower magnetic film (up shield film in an MR head) 107, a coil film 1 1 1, a gap insulator layer 108, and an 
insulator layer 1 1 2 that consisted of organic resins. Furthermore, the whole thin film MAG sensing element is covered 
by the protection insulator layer 1 10. Oxidization silicon and the alumina are usually used for the ground insulator 
layer 102, the insulator layers 104 and 106 between each class of an MR head and the gap insulator layer 108 of an 
induction-type head, and the protection insulator layer 110. Drawing 4 is the ** type view having shown the physical 
relationship of the head slider 1 and disk 2 at the time of magnetic-disk-unit operation. Usually, a magnetic disk 2 is 
constituted by the protective coat 17 on the front face of a disk which consists of a magnetic film 16 which consists of 
an aluminum-magnesium-alloy disk 1 5 in which nickel **** was formed on the front face, a cobalt alloy film, etc., an 
amorphous-carbon film, etc., and perfluoro ether system lubricating film 18. In recent years, the surfacing crevice 3 
from the magnetic-disk front face of a head shder is set to 0.1 micrometers or less, and its frequency with which a head 
slider and a disk collide at the time of operation has increased. Recently, the protective coat 13 which becomes the disk 
opposed face of a head slider from a hydrogen-containing amorphous carbon etc. is formed in order to protect magnetic 
films which prevent the head crash by this collision, and are easy to corrode, such as MR element and a shield film. 
[0003] 

[Problem(s) to be Solved by the Invention] An MR head is the magnetic head which reads by detecting electric 
resistance change of MR element produced in the magnetic field from a record medium, and is technology 
indispensable to a raise in recording density. On the other hand, since the flying height of a head slider is becoming 
low with a raise in recording density, the frequency which a magnetic disk and a head contact is becoming high. 
Contact of a disk and a head produces the phenomenon called thermal asperity (it omits Following TA). Since the 
temperature of MR element rises with the frictional heat generated on the occasion of contact, this is the phenomenon 
in which resistance goes up for a moment and a reading signal is confiised. Although the method of solving this 
problem has the method (for example, JP,6-28785,A) of compensating using signal-processing technology, a limitation 
is in TA intensity which can be compensated and it cannot be called essential solution. On the other hand, it is thought 
that the method of reducing the TA itself has the effective device which misses the fiictional heat produced in contact. 
It is specifically adopting material with a big thermal diffusivity as the nonmagnetic insulator layer which is in contact 
with MR element. However, electric insulation and thermal conductivity were combined and a suitable material for 
each process of a process was not reported until now. Moreover, although current is flowing for MR element at the 
time of operation, such large sensitivity should be obtained that current density is theoretically large. However, if the 
current which flows for MR element becomes large, since the sensitivity of reading will deteriorate conversely since 
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the temperature of MR element rises by electromigration and a life will also become short, there is an upper limit (this 
is called energization tolerance dose) in the current value which can actually be passed. In order to raise the 
energization tolerance dose and to raise the sensitivity of MR element, the device which misses the heat accumulated 
by a certain method as well as the cure against TA at MR element is required. 
[0004] 

[Means for Solving the Problem] It is thought that TA should just be the structure of tending to diffuse heat near the 
MR element since it originates in the momentary temperature rise generated when MR element contacts a disk. A 
means by which this invention person etc. solved TA performed various examination about the material of the 
nonmagnetic insulator layer which adjoins MR element, the formation method, etc. Consequently, when material from 
which a thermal diffusivity becomes about 5 or more times of the conventional alumina or oxidization silicon was 
used, it turns out that an extensive improvement is found by TA. Although absolute measurement is difficult for the 
thermal diffusivity of a thin film unlike it of bulk, relative measurement is possible by the optical alternating current 
anodizing process (for example, Japanese Journal of Applied Physics.30 (1991) 1295). The material with such a high 
thermal diffusivity was understood that a hydrogen-containing amorphous carbon, a gaseous-phase synthetic diamond, 
a silicon-containing amorphous carbon, amorphous AIN, an amorphous substance BeO, etc. are suitable on a process 
as a result of various examination. Thus, it is thought that the reason TA carries out sharp reduction of the thermal 
diffusivity of the material of the nonmagnetic insulator layer which adjoins MR element by enlarging is because the 
heat temporarily produced by contact is spread on the efficient large shield film of heat capacity. 
[0005] There are the sputtering method and a chemical vapor deposition (it omits below ChemicalVapor Deposition: 
CVD) in the formation method of a hydrogen-containing amorphous carbon. By the sputtering method, graphite is used 
for target material and a hydrogen-containing amorphous carbon can be formed by the method of magnetron 
sputtering, RF sputtering, or DC sputtering under the mixed-gas atmosphere of hydrogen, or a hydrocarbon system gas 
and an argon. On the other hand, there are a plasma CVD method which used capacity-coupling type plasma, 
inductive-coupling type plasma, and the electron cyclotron resonance (it omits below Electron Cyclotron Resonance: 
efficient consumer response), and the forming-membranes methods, such as ion plating, in a chemical vapor 
deposition. Under the present circumstances, hydrocarbon system raw materials, such as methane, ethane, ethylene, 
benzene, and toluene, are used for a raw material. Whichever it uses the technique, electrical resistivity, membrane 
stress, etc. can be optimized in controlling membrane formation conditions. Especially the hydrogen concentration in a 
film is an important parameter which affects electrical resistivity, a degree of hardness, and flammability-proof, and is 
chosen in 10 - 50atm%. It is 20 - 40atm% preferably especially. When insulation will become low if hydrogen 
concentration is too low, and this is too high conversely, it is for a film degree of hardness to fall. Moreover, since a 
hydrogen-containing amorphous carbon lacks in the adhesion force with a shield film or MR film, it needs to form 
films, such as Si and a silicon carbide, in an interface with these films by the sputtering method etc. as a glue line. 
Although the thickness of this glue line has as thin the good one as possible, it is chosen from the point of a bond 
strength in 1-lOnm. 

[0006] There is efficient consumer response-CVD which used as the raw material the hydrocarbon system gas which 
carried out extensive dilution from hydrogen in the formation method of a gaseous-phase synthetic diamond. Also in a 
gaseous-phase synthetic diamond, a glue line needs to form films, such as Si and a silicon carbide, by the sputtering 
method etc. at an interface with a shield film or MR film, and although the thickness of the glue line has as thin the 
good one as possible, it is chosen in the range which is 1-1 Onm. 

[0007] A silicon-containing amorphous carbon, amorphous AIN, and an amorphous substance BeO are formed by RF 
sputtering, RF magnetron sputtering, electron beam evaporation, etc. Although a silicon-containing amorphous carbon 
can control a thermal diffusivity and electrical resistivity by the content of silicon, this is realizable by changing the 
ratio of the silicon in a target. The silicon content in the formed film is chosen from 10 - 70atm%, and is 20 - 60atm% 
preferably especially. This is because thermal conductivity will become bad if insulation falls and it is too few if there 
is too much silicon. About amorphous AIN and an amorphous substance BeO, a film with a high thermal diffusivity 
can be formed by performing sputtering, electron beam evaporation, etc. under argon gas atmosphere or the argon gas 
atmosphere which contains nitrogen and oxygen, respectively. 

[0008] Moreover, when this invention person etc. used material with an above-mentioned thermal diffusivity high as a 
nonmagnetic insulator layer which adjoins MR element, when using what material, the protective coat on the front face 
of a disk is suitable, or inquired. Consequently, it turns out that it is effective to use the gaseous-phase synthetic 
diamond which excels the amorphous carbon used as a protective coat on the front face of a disk from the former in a 
thermal diffusivity, a silicon-containing amorphous carbon, amorphous AIN, an amorphous substance BeO, etc. 
therefore - although it is effective to use material with an above-mentioned high thermal diffusivity as for the 
nonmagnetic insulator layer which adjoins MR element in order to reduce TA — it — in addition, the gaseous-phase 
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synthetic diamond which excels the conventional amorphous carbon in a thermal diffusivity in the protective coat on 
the front face of a disk and a silicon-containing amorphous carbon — amorphous [ AIN / amorphous-/ and ] — it turns 
out that changing into material, such as BeO, is very effective 

[0009] On the other hand, in order to raise the energization tolerance dose of MR element, it is thought that it is 
necessary to stop a steady temperature rise unlike a momentary temperature rise like TA. For that purpose, it is 
important to make a head using a good material of heat conduction as much as possible, this invention person etc. uses 
for slider material the silicon carbide whose thermal conductivity is about 10 times the alumina titanium carbide about 
this problem. And the insulator layer between a slider and a lower shield film, a lower shield film and the insulator 
layer between MR elements, The insulator layer between MR element and an up shield film, the gap insulator layer of 
an induction-type head, It found out that it was very effective to use high temperature conduction material, such as a 
hydrogen-containing amorphous carbon, a gaseous-phase synthetic diamond, a silicon-containing amorphous carbon, 
amorphous AIN, and an amorphous substance BeO, for all the inorganic insulator layers that constitute head elements, 
such as an insulator layer which protects the whole head. The formation technique of these inorganic insulator layers is 
the same as an above-mentioned method. 
[0010] 

[Embodiments of the Invention] Hereafter, this invention is explained still more concretely using a drawing. 
[001 1] this invention is the head structure shown in drawing 1 and drawing 2 , and reduces sharply TA produced by 
contact on a disk 2 by changing into material with a high thermal diffusivity the quality of the material of the 
nonmagnetic insulator layers 104 and 106 which adjoin the MR element 105 from the conventional alumina and 
oxidization silicon. It turns out by comparatively easy material change that TA can be decreased sharply, without the 
intensity of TA produced at the time of contact of a head 1 and a disk 2 having dropped to 1/5 from 1/2 over the past, 
and being accompanied by complicated process change, when such [ actually ] a nonmagnetic insulator layer was used. 

[0012] Moreover, it was checked by changing into a film with a high thermal diffiisivity the insulator layer 110 which 
uses a silicon carbide for the slider material 14, and protects the insulator layer 102 between a slider and a lower shield 
film, a lower shield film and the insulator layer 104 between MR elements, the insulator layer 106 between MR 
element and an up shield film, the gap insulator layer 108 of an induction-type head, and the whole head that the heat 
generated by the Joule heating of MR element is spread efficiently, and a reproduction output increases at the time 
[0013] The following examples explain the detail. 

[0014] One example of this invention is explained using <example 1> draw ing 1 and drawing 2 . 
[0015] The material of a slider 14 used the alumina titanium carbide. First, 6 micrometers of nonmagnetic insulator 
layers 102 which consist of an alumina by sputtering were formed, and the lower shield film 103 which consists of 
NiFe etc. was succeedingly formed in the configuration of 3 -micrometer request by patterning using the membrane 
formation and photolithography technology by sputtering etc. 5nm (not shown) of amorphous silicon was formed by 
sputtering on it, and 180nm of nonmagnetic insulator layers 104 which consist of a hydrogen-containing amorphous 
carbon fiirther was formed using the capacity-coupling type plasma CVD method which used methane as the raw 
material. Membranes were formed using the cathode distributor-shaft-coupling method which impresses a RF to a 
substrate side as the formation method of a hydrogen-containing amorphous carbon on the conditions of RF power 
120W, methane flow rate Ssccm, and lOPa of gas pressure. The hydrogen concentration of this film was about 33% by 
HFS (Hydrogen Forward Scattering) analysis. Furthermore, 5nm (not shown) of amorphous silicon was formed. The 
MR element 105 which consists of NiFe etc. succeedingly was formed by sputtering, and patteming was carried out to 
the desired configuration using photolithography technology. Furthermore, after forming the pattern of a hard magnetic 
film (not shown), the pattern of an electrode 101 used in order to energize sense current for the MR element 105 was 
formed. 5nm (not shown) of amorphous silicon carbides was formed by sputtering on it, and 200nm of nonmagnetic 
insulator layers 106 which consist of a hydrogen-containing amorphous carbon was formed. This nonmagnetic 
insulator layer 106 was formed on the same conditions as the above-mentioned nonmagnetic insulator layer 104. 
Furthermore, after forming 5nm (not shown) of amorphous silicon carbides, the up shield film 107 which consists of 
NiFe etc. was formed by sputtering, and patteming was performed using photolithography technology. Furthermore, 
SOOnm of nonmagnetic insulator layers 108 which consist of an alumina etc. was formed by sputtering. This insulator 
layer is a gap insulator layer of an induction-type head. Then, the coil 1 1 1 which consists of an organic compound 
insulator 1 12 which consists of a resist etc., copper, etc., and an organic compound insulator 1 12 are formed one by 
one. next, 200nm (not shown) of magnetic films, such as NiFe, was formed by sputtering etc., and patteming of this 
was carried out to the desired configuration using photolithography technology — the 3 -micrometer up magnetic film 
109 was formed by plating on it the back An alumina film is formed by sputtering as a protective coat 110 which 
finally covers the whole head element. The thickness in this case was 50 micrometers. 
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[0016] Thus, TA intensity was evaluated using the formed thin film magnetic head. Drawin g 5 is the schematic 
diagram of TA on-the-strength evaluation. The big salient was formed in the magnetic disk 2 in order to generate TA 
intentionally. The disk was created by the following methods. First, the magnetic film 16 which consists of chromium 
lOOnm and 30nm of cobalt alloy films was formed by sputtering on the aluminum-magnesium-alloy disk 15 which 
ground after forming 10 micrometers of nickel **** with plating, then, 30nm of amorphous-carbon films is formed in 
a disk front face by sputtering, and it has the salient 20 with a diameter [ of 5 micrometers ], and a height of 20nm by 
**********ing this using photolithography technology the protective coat 19 was formed Perfluoro ether system 
lubricating film of 2nm of thickness was made to adhere finally. The flying height is lowered fi^om usual using the head 
and disk which were created by the method of this example, and when the examination which generates TA 
intentionally by contact to a head element and salient 19 is performed, TA intensity falls to about 1/2 of the 
conventional head, as shown in drawin g 6 . 

[0017] In the <example 2> this example, the gaseous-phase synthetic diamond was used instead of the hydrogen- 
containing amorphous carbon used in the example 1 as a lower shield film, the insulator layer 104 between MR 
elements, and an insulator layer 1 06 between MR element and an up shield film. At this time, the thickness of the 
above-mentioned insulator layers 104 and 106 was 180nm and 200nm, respectively. 

[001 8] When the examination which the flying height is lowered [ examination ] and generates TA intentionally firom 
usual is performed using the head and disk which were produced by the method of this example, TA intensity falls to 
about 1/4 of the conventional head. 

[0019] In the <example 3> this example, the silicon-containing amorphous carbon was used instead of the hydrogen- 
containing amorphous carbon used in the example 1 as a lower shield film, the insulator layer 104 between MR 
elements, and an insulator layer 106 between MR element and an up shield film. However, since a silicon-containing 
amorphous carbon has very good adhesion with a magnetic film, the amorphous silicon and the amorphous silicon 
carbide which were formed at the process before and behind a hydrogen-containing amorphous carbon by the example 
1 are unnecessary in this example. Below, the formation method of a silicon-containing amorphous carbon is described 
in detail. 

[0020] The mole ratio of silicon and carbon formed insulator layers 104 and 106 in target material by RF magnetron 
sputtering using the sintered compact which is 30 to 70. Membrane formation conditions were RF power 500W, argon 
quantity-of-gas-flow 30sccm, and IPa of gas pressure. The silicon concentration of this film was about 38 atm(s)% by 
RBS (Rutherford Backscattering Spectrometry) analysis. Moreover, the thickness of insulator layers 104 and 106 was 
180nm and 200nm, respectively. 

[0021] When the examination which the flying height is lowered [ examination ] and generates TA intentionally fi-om 
usual is performed using the head and disk which were produced by the method of this example, TA intensity falls to 
about 1/3 of the conventional head. 

[0022] In the <example 4> this example, the amorphous substance AIN was used instead of the hydrogen-containing 
amorphous carbon used in the example 1 as a lower shield film, the insulator layer 104 between MR elements, and an 
insulator layer 106 between MR element and an up shield film. Below, the formation method of an amorphous 
substance AIN is described in detail. 

[0023] AIN was used for target material and insulator layers 104 and 106 were formed in it by RF magnetron 
sputtering. Membrane formation conditions were RF power lOOOW, argon quantity-of-gas-flow 30sccm+ nitrogen gas 
flow rate 5sccm, and 1.3Pa of gas pressure. Moreover, the thickness of insulator layers 104 and 106 was ISOnm and 
200nm, respectively. 

[0024] When the examination which the flying height is lowered [ examination ] and generates TA intentionally fi-om 
usual is performed using the head and disk which were produced by the method of this example, TA intensity falls to 
about 1/3 of the conventional head. 

[0025] In the <example 5> this example, the amorphous substance BeO was used instead of the hydrogen-containing 
amorphous carbon used in the example 1 as a lower shield film, the insulator layer 104 between MR elements, and an 
insulator layer 106 between MR element and an up shield film. Below, the formation method of an amorphous 
substance BeO is described in detail. 

[0026] BeO was used for target material and insulator layers 104 and 106 were formed in it by RF magnetron 
sputtering. Membrane formation conditions were RF power 800W, argon quantity-of-gas-flow 50sccm+ oxygen gas 
flow rate 5sccm, and 1.3Pa of gas pressure. Moreover, the thickness of insulator layers 104 and 106 was 180nm and 
200nm, respectively. 

[0027] When the examination which the flying height is lowered [ examination ] and generates TA intentionally fi-om 
usual is performed using the head and disk which were produced by the method of this example, TA intensity falls to 
about 1/3 of the conventional head. 
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[0028] In the <example 6> this example, instead of the hydrogen-containing amorphous carbon used in the example 1 
as a lower shield film, the insulator layer 104 between MR elements, and an insulator layer 106 between MR element 
and an up shield film, the silicon-containing amorphous carbon was used and the silicon-containing amorphous carbon 
was used instead of the conventional amorphous carbon also as a disk protective coat. Since a silicon-containing 
amorphous carbon has very good adhesion with a dissimilar material, the amorphous silicon and the amorphous silicon 
carbide which were formed at the process before and behind a hydrogen-containing amorphous carbon by the example 
1 are unnecessary in this example. Below, the formation method of a head and the silicon-containing amorphous 
carbon used for each disk is described in detail. 

[0029] First, in the case of the head element, the mole ratio of silicon and carbon formed insulator layers 104 and 106 
in target material by RF magnetron sputtering using the sintered compact which is 30 to 70. Membrane formation 
conditions were RF power 500 W, argon quantity-of-gas-flow 30sccm, and IPa of gas pressure. The silicon 
concentration in a film of this film was about 38 atm(s)% by RBS (Rutherford Backscattering Spectrometry) analysis. 
Moreover, the thickness of the above-mentioned insulator layers 104 and 106 was 180nm and 200nm, respectively. 
[0030] Moreover, on the occasion of disk protective coat formation, the mole ratio of silicon and carbon formed the 
above-mentioned insulator layers 104 and 106 in target material by RF magnetron sputtering using the sintered 
compact which is 40 to 60. Membrane formation conditions were RF power 500W, argon quantity-of-gas-flow 
30sccm, and IPa of gas pressure. The silicon concentration of this film was about 49 atm(s)% by RBS (Rutherford 
Backscattering Spectrometry) analysis. Like the example 1, photolithography technology was used also for this disk 
protective coat, and the salient with a diameter [ of 5 micrometers ] and a height of 20nm was formed. 
[003 1] When the examination which the flying height is lowered [ examination ] and generates TA intentionally from 
usual is performed using the head and disk which were produced by the method of this example, TA intensity falls to 
about 1/5 in the case of the conventional head and the combination of a disk. 
[0032] One example of this invention is explained using <example 7> d rawing 1 and drawin g 2 . 
[0033] The silicon carbide was used as a material of a slider 14. Like the example 1, the laminating of the head 
material was carried out using thin film processes, such as sputtering, plating, and a photolithography, and the head 
element 10 which consists of MR head 1 1 and an induction-type head 12 was produced. The hydrogen-containing 
amorphous carbon was used for the insulator layer 102 between a slider and a lower shield film, a lower shield film 
and the insulator layer 104 between MR elements, the insulator layer 106 between MR element and an up shield film, 
the gap insulator layer 108 of an induction-type head, and the insulator layer 110 that protects the whole head in this 
example. The concrete formation method of the above-mentioned hydrogen-containing amorphous carbon is shown 
below. 

[0034] The hydrogen-containing amorphous carbon was formed by RF sputtering which used graphite as the target. 
Membranes were formed on the conditions of RF power 800W, argon quantity-of-gas-flow 46sccm+ methane flow rate 
4sccm, and 7Pa of gas pressure. The hydrogen concentration of this film was about 35 atm(s)% by HFS (Hydrogen 
Forward Scattering) analysis. 

[0035] In itself, an adhesive property is a low and the hydrogen-containing amorphous carbon formed 4nm of 
amorphous silicon carbides as a glue line at the process of order. Moreover, the insulator layer 1 10 from which, as for 
the thickness of each class, the gap insulator layer 108 of 200nm and an induction-type head protects [ the insulator 
layer 102 between a slider and a lower shield film / 8 micrometers a lower shield film, and the insulator layer 104 
between MR elements / the insulator layer 106 between 180nm, MR element, and an up shield film ] 500nm and the 
whole head was 45 micrometers. 

[0036] Thus, the head reproduction output was evaluated using the formed thin film magnetic head. Consequentiy, as 
shown in drawingj? , the peak of a reproduction output shifted to the high current density side, and the reproduction 
output in a peak position has been improved 1.5 times of a head conventionally. That is, since thermolysis of MR 
element was performed effectively, it became clear that the fall of the reproduction output by the temperature rise is 
pressed down also with high current density. Under the present circumstances, the conventional head also compared on 
conditions to which each output wave becomes symmetrical, when the head of this example also optimized a bias 
magnetic field, respectively. Moreover, when the examination which the flying height is lowered [ examination ] and 
generates TA intentionally fi"om usual like an example 1 using the head created by the method of this example and the 
disk which has a big salient is performed, TA intensity falls to about 1/2 of the conventional head. 
[0037] One example of this invention is explained using <example 8> drawin g 1 and drawing 2 . 
[0038] The silicon carbide was used as a material of a slider 14. Like the example 1, the laminating of the head 
material was carried out using thin film processes, such as sputtering, plating, and a photolithography, and the head 
element 10 which consists of MR head 1 1 and an induction-type head 12 was produced. The gaseous-phase synthetic 
diamond was used for the insulator layer 102 between a slider and a lower shield film, a lower shield film and the 
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insulator layer 104 between MR elements, the insulator layer 106 between MR element and an up shield film, the gap 
insulator layer 108 of an induction-type head, and the insulator layer 110 that protects the whole head in this example. 
[0039] In itself, an adhesive property is a low and the gaseous-phase synthetic diamond formed 5nm of amorphous 
silicon as a glue line at the process of order. Moreover, the insulator layer 110 from which, as for the thickness of each 
class, the gap insulator layer 108 of 200nm and an induction-type head protects [ the insulator layer 102 between a 
slider and a lower shield film / 2 micrometers a lower shield film, and the insulator layer 104 between MR elements / 
the insulator layer 106 between ISOnm, MR element, and an up shield film ] 500nm and the whole head was 20 
micrometers. 

[0040] Thus, the head reproduction output was evaluated using the formed thin film magnetic head. Consequently, the 
peak of a reproduction output shifted to the high current density side, and the reproduction output in a peak position 
has been conventionally improved by the double precision of a head. Moreover, when the examination which the flying 
height is lowered [ examination ] and generates TA intentionally firom usual like an example 1 using the head created 
by the method of this example and the disk which has a big salient is performed, TA intensity falls to about 1/4 of the 
conventional head. 

[0041] One example of this invention is explained using <example 9> drawin g 1 and drawin g 2 . 
[0042] The silicon carbide was used as a substrate. Like the example 1, the laminating of the head material was carried 
out using thin film processes, such as sputtering, plating, and a photolithography, and the head element 10 which 
consists of MR head 1 1 and an induction-type head 12 was produced. The silicon-containing amorphous carbon was 
used for the insulator layer 102 between a slider and a lower shield film, a lower shield film and the insulator layer 104 
between MR elements, the insulator layer 106 between MR element and an up shield film, the gap insulator layer 108 
of an induction-type head, and the insulator layer 1 10 that protects the whole head in this example. The concrete 
formation method of the above-mentioned silicon-containing amorphous carbon is shown below. 
[0043] The mole ratio of silicon and carbon formed the silicon-containing amorphous carbon in target material by RF 
magnetron sputtering using the sintered compact which is 35 to 60. Membrane formation conditions were RF power 
500 W, argon quantity-of-gas-flow 30sccm, and IPa of gas pressure. The silicon concentration of this film was about 
44 atm(s)% by RBS (Rutherford Backscattering Spectrometry) analysis. The insulator layer 110 from which, as for the 
thickness of each class, the gap insulator layer 108 of 200nm and an induction-type head protects [ the insulator layer 
102 between a slider and a lower shield film / 5 micrometers, a lower shield film, and the insulator layer 104 between 
MR elements / the insulator layer 106 between 180nm MR element, and an up shield film ] 450nm and the whole head 
was 40 micrometers. 

[0044] Thus, the head reproduction output was evaluated using the formed thin film magnetic head. Consequentiy, the 
peak of a reproduction output shifted to the high current density side, and the reproduction output in a peak position 
has been improved 1 .8 times of a head conventionally. Moreover, when the examination which the flying height is 
lowered [ examination ] and generates TA intentionally from usual like an example 1 using the head created by the 
method of this example and the disk which has a big salient is performed, TA intensity falls to about 1/3 of the 
conventional head. 

[0045] One example of this invention is explained using <example 10> drawin g 1 and drawing 2 . 
[0046] The silicon carbide was used as a material of a slider 14. Like the example 1, the laminating of the head 
material was carried out using thin film processes, such as sputtering, plating, and a photolithography, and the head 
element 10 which consists of MR head 1 1 and an induction-type head 12 was produced. The amorphous substance AIN 
was used for the insulator layer 102 between a slider and a lower shield film, a lower shield film and the insulator layer 
104 between MR elements, the insulator layer 106 between MR element and an up shield film, the gap insulator layer 
108 of an induction-type head, and the insulator layer 110 that protects the whole head in this example. The concrete 
formation method of the above-mentioned amorphous substance AIN is shown below. 
[0047] AIN was used for target material and the amorphous substance AIN was formed in it by RF magnetron 
sputtering. Membrane formation conditions were RF power lOOOW, argon quantity-of-gas-flow 30sccm+ nitrogen gas 
flow rate 5sccm, and 1 .3Pa of gas pressure. Moreover, the insulator layer 1 10 from which, as for the thickness of each 
class, the gap insulator layer 108 of 200nm and an induction-type head protects [ the insulator layer 102 between a 
slider and a lower shield film / 5 micrometers a lower shield film, and the insulator layer 104 between MR elements / 
the insulator layer 106 between 180nm, MR element, and an up shield film ] 500nm and the whole head was 50 
micrometers. 

[0048] Thus, the head reproduction output was evaluated using the formed thin film magnetic head. Consequently, the 
peak of a reproduction output shifted to the high current density side, and the reproduction output in a peak position 
has been improved 1 .6 times of a head conventionally. Moreover, when the examination which the flying height is 
lowered [ examination ] and generates TA intentionally from usual like an example 1 using the head created by the 
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method of this example and the disk which has a big salient is perfomied, TA intensity falls to about 1/3 of the 
conventional head. 

[0049] One example of this invention is explained using <example 1 1> drawing 1 and drawing 2 . 
[0050] The silicon carbide was used as a material of a slider 14. Like the example 1, the laminating of the head 
material was carried put using thin film processes, such as sputtering, plating, and a photolithography, and the head 
element 10 which consists of MR head 1 1 and an induction-type head 12 was produced. The amorphous substance 
BeO was used for the insulator layer 102 between a slider and a lower shield film, a lower shield film and the insulator 
layer 104 between MR elements, the insulator layer 106 between MR element and an up shield film, the gap insulator 
layer 108 of an induction-type head, and the insulator layer 110 that protects the whole head in this example. The 
concrete formation method of the above-mentioned amorphous substance BeO is shown below. 
[0051] BeO was used for target material and the above-mentioned insulator layers 104 and 106 were formed in it by 
RF magnetron sputtering. Membrane formation conditions were RF power 800W, argon quantity-of-gas-flow 50sccm+ 
oxygen gas flow rate 5sccm, and 1.3Pa of gas pressure. Moreover, the insulator layer 110 fi'om which, as for the 
thickness of each class, the gap insulator layer 1 08 of 200nm and an induction-type head protects [ the insulator layer 
102 between a slider and a lower shield film / 4 micrometers a lower shield film, and the insulator layer 104 between 
MR elements / the insulator layer 106 between 180nm, MR element, and an up shield film ] 500run and the whole head 
was 40 micrometers. 

[0052] Thus, the head reproduction output was evaluated using the formed thin film magnetic head. Consequently, the 
peak of a reproduction output shifted to the high current dense side, and the reproduction output in a peak position has 
been improved 1.6 times of a head conventionally. Moreover, when the examination which the flying hei^t is lowered 
[ examination ] and generates TA intentionally fi'om usual like an example 1 using the head created by the method of 
this example and the disk which has a big salient is performed, TA intensity falls to about 1/3 of the conventional head. 

[0053] 

[Effect of the Invention] According to this invention, by choosing a nonmagnetic insulator layer with a high thermal 
diffusivity as the component and disk protective coat of a head element, since TA generated when a disk and a head 
contact is reduced and heat can be efficientiy radiated in MR element, a reproduction output can be raised. 
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